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XizkHI0K OJiekcaHIp AHATOIHOBHY
Maiiop
Xapxiscokuil HayionanvHuu yHisepcumem Iosimpsanux Cun imeni Ieana Koowceoyba
I'pumiox Auapiii ImutpoBuy

Jlelitenant

Xapxiscokuii HayionaneHuil yHisepcumem Iogimpanux Cun imeni Isana Koowcedyba
Ko3nosa Anira CepriiBHa

Jleitenant

Xapriscokuil Hayionanohui yHieepcumem Iosimpsinux Cun imeni Isana Koowcedyba

YAOCKOHAJIEHHS PEI'YJIAATOPIB HAIIPYT'HA ABIAIIMHUX TEHEPATOPIB _
MOCTIMHOT'O CTPYMY HA OCHOBI CYYACHHMX IH®OPMAIIMHAX TEXHOJOTI'TIA

JliTanmpHi amapaTu BiZirparoTh KIIOYOBY POJb y CydacHHX OOHOBHX MisX, 3a0€3MeUyr0ud BHUKOHAHHS 3aBIaHb
PO3BiAKH, 3B’S3Ky, HaBiramii Ta ypakeHHA nined. HaniiftHicTe (QyHKIiOHYBaHHS OOpPTOBHX CHCTEM 3HAYHOIO MIipOIO
3aJISKUTH Bill IKOCTI CNICKTPOXKUBIICHHS, SIKE 3a0e3NeuyeThCs aBlalliifHIMU TeHepaTopaMu HocTiiiHoro crpymy. OqHuM
i3 KIIOYOBMX €JIEMEHTIB CHCTEMH JKHBICHHS € peryiasTop Hampyrd, IO MiATPUMYE CTaOilpHI mapaMmerpu
EJIEKTPOCHEPTii HEe3aJIeHKHO Bil PEXKUMIB pOOOTH JBUTYHA Ta 3MIH HaBaHTaKeHHsS. TpaaMUiiiHI PeryisTopu HampyrH,
30KpeMa aHaJloroBl Ta KJacHW4Hi NpomnopuiiHo-iHTerpanbHo-nudepenuianbai (I11/1) perynsrtopu, HamamToBaHi Ha
(ikcoBaHi MapamMeTpu Ta He BPaxOBYIOTh IIOBHOIO MIpOIO AMHAMIKY 3MiH y cucTeMi. B yMOBax pi3kux 3MiH MIBUAKOCTI
o0epTaHHs reHepaTropa Ta HaBaHTA)KEHHS 11¢ MTPU3BOJIUTD JI0 BiAXHMJICHb HANpPYTH, 30UIbLICHHS MEePEeXiTHUX MPOLECIB i
3HW)KEHHS €(DEKTUBHOCTI poOOTH OOPTOBOTO 00 JHAHHS.

3 METO0 MiJBUILEHHS €()EKTHBHOCTI CUCTEMH JKUBJICHHS TIPONIOHYETHCS YIOCKOHAICHHS PEryJISITOPiB HAPYTH
IUIIXOM BIPOB3KCHHS LU(PPOBUX Ta aTalTHBHUX METONIB KepyBaHHS. BHKOPHCTaHHS MiKpPONPOLECOPHHX CHCTEM
JO3BOJISIE PeaNizyBaTH ITOPUTMH, IO 3MIHIOIOTH MapaMeTPH PETYIIOBAHHS B pealbHOMY 4aci Ha OCHOBI JaHUX Bin
JaTYUKIB HAIIPYTH, CTPyMY, TEMIIEpaTypH Ta MBHIKOCTI 00epTaHHA reHepaTopa. OJHUM i3 MEPCIEKTHBHUX HANPSMIB €
3actocyBaHHs aganTuBHUX [11/I-perynsartopis, y sSKuX Koe]illieHTH MiICHUIICHHS aBTOMAaTHYHO KOPHI'YIOTBCS 3aJIC)KHO
BiJl peXuMy poOoTu cucteMu. lle no3Bosse 3a0e3neunTy CTaOUTBHICTh HANPYTH HABITH NPH 3HAYHUX 30YPEHHSAX Ta
3MIHHUX yMOBax ekKcruryaTamii. J[omaTkoBo eQeKTHBHICTP MOKe OyTH TWiIBHINEHA 3a pPaxXyHOK BHUKOPUCTAHHS
AJITOPUTMIB HEUITKOI JIOTiKH 200 €JIEMEHTIB MAIIMHHOTO HABYAHHS JJ1s1 IIPOTHO3YBaHH 3MiH PEKUMIB pOOOTH.

HocnijpkeHHst e(eKTHBHOCTI 3alpONOHOBAHUX pIllIEeHb MOXE 3/IMCHIOBATUCS UIISIXOM KOMII FOTEPHOTO
MO/ICTIFOBaHHSI PI3HUX PEXUMIB poO0oTH renepaTopa. [IopiBHSHHS KJIACHYHUX Ta YIOCKOHAICHHX PEryJISITOpPIB NOKa3ye,
III0 BUKOPHUCTaHHS LU(POBUX aJaNTHBHUX alrOPUTMIB JI03BOJISIE 3MEHIINTH KOJHMBAaHHS HANpPYyTH, CKOPOTUTH Yac
MepexiIHUX MPOIIECiB Ta IiJBUIIUTH 3arajbHy CTa0lUIbHICTh CUCTEMHU.

pe3ynbTaTH CBIMYAaTh TPO MOUUIHHICTH BIPOBA/DKCHHS Cy4YacHHX iH(OpPMAIIHUX TEXHOJOTIH y CHCTEeMH
KepyBaHHS aBiallifHUMU TeHepatopamu. Lle 3a0e3neuye migBUINCHHS HAIIHOCTI OOPTOBOTO OOJIAAHAHHS, 3HIDKCHHS
PH3UKY BiZIMOB Yy CKIaJHHX yMOBax eKCIUTyaTauii Ta MOKpAalleHHS e(pEeKTHBHOCTI BHUKOHAHHS OOWOBUX 3aBIaHb,
0COOIHBO AJIs1 OS3MUIOTHHX JITaThHUX arlapaTib.

Romaniuk Oleksandr Nikiforovych
ORCID: 0000-0002-2245-3364
Doctor of Technical Sciences, Prof.
Vinnytsia National Technical University
Savelko Rostyslav Olegovich
Student
Vinnytsia National Technical University

USING PERLIN NOISE TO CREATE DYNAMIC TEXTURES IN 3D SCENES

Water and fire are among the most difficult objects to model due to their variability, turbulence, and lack of a
well-defined geometric structure. Traditional physically correct models based on numerical solutions of the Navier—
Stokes equations require significant resources and are not always suitable for real-time systems [3]. Therefore,
procedural approaches, in particular the use of noise functions, have become widely used as a compromise between
visual fidelity and performance [4, 9]. One of the basic tools of procedural graphics is Perlin noise, proposed by Ken
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Perlin [1]. Ken Perlin's work laid the principles of constructing a smoothed pseudo-random function that provides
continuity and controlled variability of values in space [1, 2]. Unlike white noise, which is characterized by sharp
jumps, Perlin noise forms smooth transitions between neighboring points [1, 4].

Mathematically, Perlin noise is defined as the interpolation of random gradients given at the nodes of a regular
lattice [1, 2].

N(x,y) = Zw(@,i)

g - gradient vector at a lattice node, d vector from the node to the point (X, y),

w, — weighting coefficients obtained by interpolation using the function f(t).

For each point in space, the dot product between the gradient vector and the displacement vector to the point is
calculated, after which the results are interpolated according to a smoothing function [1]. This ensures the continuity of
the first derivative, which is important for the formation of smooth wave structures and turbulent patterns [4].

In water simulation problems, Perlin noise is used to form a wave surface height map [4]. The simplest approach
is to use two-dimensional noise, argued by surface coordinates and a time parameter. Changing the third argument
allows you to create the effect of wave motion without the need for complex physical simulation [4, 9]. To achieve
greater realism, several noise functions with different scales are combined, which corresponds to the natural distribution
of waves of different lengths [4]. In the works [5, 6, 8], methods for increasing the visual realism of three-dimensional
scenes without increasing the number of polygons are considered, which directly correlates with the use of procedural
textures instead of geometric complexity of models [5, 6, 8].

The height map generated by noise can be used to modify surface normals in a fragment shader [9]. This
approach allows to simulate small waves even on flat geometry. Additionally, normal mapping is used, where the
derivatives of the noise function determine the directions of local deviations [4, 9]. The combination of noise maps and
reflective properties of the material creates a convincing effect of a water surface. Simulating fire requires a different
approach, since flames have pronounced vertical dynamics and a complex turbulence structure [3]. Here, Perlin noise is
used to create a three-dimensional density or temperature texture [4]. Adding a time coordinate allows to achieve the
effect of oscillation and pulsation [2]. To enhance realism, anisotropic scaling is used, in which the noise is stretched
along the vertical axis [4]. The visual effect of fire is formed by combining a noise mask with a gradient color scale and
transparency modeling [9].

The advantage of noise methods is their determinism and compact implementation [1]. Instead of storing large
arrays of textures, it is enough to have an algorithmic description of a function that generates values at any point in
space [4]. This reduces memory requirements and simplifies scene scaling [9]. At the same time, there are limitations
associated with the repeatability of the structure when the parameters are incorrectly chosen [2]. To avoid artifacts,
modified noise variants are used, in particular simplex noise [2].

Thus, Perlin noise is an effective tool for modeling water and fire in computer graphics [1, 4]. Its application
allows creating dynamic and visually convincing effects at moderate computational costs [6, 7, 9]. Further research
should be directed towards integrating procedural noise with physically based models to increase the reliability of
virtual scenes [3, 6].
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